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INTRODUCTION 


The  nematode  genus  Trichodorus  was  erected  in  1913  by  Cobb  (11) 
when  he  described  the  species  Trichodorus  obtusus.      Micoletzky  (22) 
transferred  Dorylaimus  primitivus  de  Man,  1880 J  to  the  genus  Trichodorus 
and  placed  T^  obtusus  in  synonomy.      The  genus  received  little  further 
mention  in  the  literature  until  1951  when  Christie  and  Perry  (8)  reported 
that  an  undescribed  species  of  Trichodorus  was  parasitic  to  several 
crop  plants  in  Florida.      Subsequently  this  species,  described  by 
Allen  (2)  as  Trichodorus  christiei,  has  been  recognized  as  a  severe 
pathogen  in  many  areas  of  the  United  States.      To  date,  most  of  the 
research  on  this  species  deals  with  host-parasite  relationships  and 
control,  with  little  consideration  of  its  biology. 

Extremely  high  population  levels  of  1\  christiei  are  frequently 
found  following  the  application  of  soil  fumigant  nematicides.  This 
unusual  population  build-up  has  led  to  considerable  speculations  as 
to  the  factors  responsible  for  such  a  phenomenon. 

This  work  on  the  bionomics  and  life  cycle  of  T\.  christiei  was 
initiated  as  part  of  a  program  to  attempt  an  explanation  of  the  popula- 
tion increases  of  this  nematode  resulting  from  soil  fumigation. 
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REVIEW  OF  LITERATURE 

Thorne  (33)  placed  the  genus  Trichodorus  into  his  family 
Diphtherophoridae,  subfamily  Trichodorinae  of  the  superfamily 
Dorylaimoidea  and  named  T.  primitivus  (de  Man,  1880)  Micoletzky,  1922, 
the  type  species.      Allen  (2)  published  a  monograph  of  the  genus 
Trichodorus  and  described  T.  christiei,  the  species  to  which  Christie 
and  Perry  (8)  had  given  the  common  name  of  stubby-root  nematode. 
Other  species  have  since  been  added  until  now  some  32  are  recognized. 

The  feeding  habits  of  T.  christiei  have  been  studied  by  a  number 
of  workers  (5,  10,  27,  29  and  35).      Russell  and  Perry  (29)  reported 
on  three  general  types  of  feeding  on  wheat  seedlings  growing  in  agar; 
externally  on  roots,  externally  on  root  hairs,  and  within  root  caps. 
This  latter  method  explains  the  measurable  symptoms  commonly  found  in 
association  with  low  populations  of  J\_  christiei  (1  and  29).  Christie 
and  Perry  (8)  proposed  that  the  disease  be  termed  stubby  root  because 
through  the  cessation  of  longitudinal  growth,  short,  multibranched 
rootlets  are  produced. 

The  effects  of  temperature  on  the  population  numbers  of  T\_  christiei 
have  been  studied  by  Malek  et  al.   (20).      The  greatest  numbers  after  60 
days  and  90  days  were  found  at  temperatures  very  close  to  or  at  25°C. 
The  lowest  rate  of  reproduction  was  at  15°C.      At  the  upper  limit, 
Rhode  and  Jenkins  (26)  found  that  no  reproduction  took  place  at  35°C. 
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Perry  (24)  observed  a  rapid  build-up  of       christiei  following  soil 
fumigation  with  methyl  bromide  and  other  nematicides.      Haasis  et  al^ 
(13),  studying  14  species  of  nematodes  associated  with  decline  of  woody 
ornamentals,  found  that  they  could  control  all  but        christiei  with  1, 
2-dibromo-3-chloroproPane.      This  unique  behavior  of  T\  christiei  to 
soil  fumigation  also  has  been  observed  by  Martin  (21)  in  Africa. 
Perry  (24)  suggested  that  this  nematode  has  a  high  reproductive  poten- 
tial.     Alhassan  and  Hollis  (1)  found  that  after  3  weeks  the  per  cent 
increase  in  numbers  of  T±  christiei  was  related  inversely  to  the  initial 
inoculum  level  and  to  plant  damage. 

The  life  cycle  of  T^  christiei  has  been  studied  in  part.  Russell 
(28)  found  that  eggs  hatched  66  to  68  hours  after  oviposition  in  vitro, 
with  apparently  the  first  larval  stage  emerging.      Rhode  and  Jenkins 
(26)  reported  that  T.  christiei  completed  its  life  cycle  in  16  to  17 
days  at  30°C  and  21  to  22  days  at  22°C.      Four  distinct  groups  were 
recovered;  in  each  case  specimens  were  larger  at  the  lower  temperature. 

Bird  (4)  demonstrated  that  both  host  and  geographic  origin  of  T\_ 
christiei  could  influence  population  density,  indicating  the  possibility 
of  races.    The  host  also  had  an  effect  on  the  size  of  the  nematode; 
for  example,  those  specimens  obtained  from  lettuce  were  larger  than 
those  from  tomato  and  celery.      Rhode  and  Jenkins  (27)  reported  jimson- 
weed,  asparagus,  poinsettia  and  crotalaria  to  be  the  only  non-hosts  of 
T.  christiei  among  the  42  species  of  plants  they  tested.     Rhoades  (25) 
in  Florida  found  the  numbers  of  T\  christiei  declined  greatly  during 
the  summer  months  in  plots  planted  to  Crotalaria  spectabilis  Roth. ,  but 
persisted  in  those  with  weeds. 
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Population  numbers  have  also  been  reported  to  be  affected  by 
seasons.    Perry  (24)  found  that  damage  was  apparently  most  severe  in 
a  spring  crop  following  a  fumigated  fall  crop.    A  similar  situation  was 
found  by  Barker  and  Worf  (3)  on  azaleas  in  Wisconsin,  where  no 
christiei  were  observed  during  the  summer.    Hoff  and  Mai  (15)  recorded 
the  numbers  of  T\_  christiei  recovered  from  onion  fields  on  peat  soil  at 
eight  depths  at  inervals  of  6  inches  down  to  4  feet  throughout  the 
year  in  the  state  of  New  York.    The  maximum  number  was  recorded  at  a 
depth  of  0-6  inches  around  June  1.    T.  christiei  was  not  found  below 
12  inches  at  any  time.    Hoff  and  Mai  (15)  concluded  that  "the  natural 
population  of       christiei  was  maintained  in  a  specific  soil  and  root 
zone . " 

Comparing  si/It  clay  loam,  loam  and  sandy  loam,  Thomason  (31)  found 
that  after  twelve  weeks  the  greatest  reproduction  of  T.  christiei  occurred 
in  the  sandy  loam.    After  19  weeks,  however,  the  sandy  loam  population 
was  only  1/6  that  of  the  loam.    Survival  in  the  absence  of  a  host  by 
T.  christiei  was  also  reported  as  being  substantially  greater  in  the 
loam.     According  to  Christie  (7) ,  it  seems  unlikely  that  the  distribu- 
tion of  T.  christiei  is  greatly  influenced  by  soil  type. 

Recent  agricultural  research  has  stressed  biological  control.  A 
possible  explanation  for  the  rapid  return  of  Tj_  christiei  following 
fumigation  may  be  due  to  the  reduction  of  predator  populations.  Work- 
ing in  vitro,  Russell  (28)  found  a  number  of  predators  which  preyed 
upon        christiei,  the  most  aggressive  of  which  were  the  nematode 
Aphelenchoides  winchesi  Christie,  1939  and  the  mite  Protolaclaps 


bickleyi  Bram.      Thome  (32)  found  the  remains  of  Trichodorus  primitivus, 
in  the  gut  of  Mononchus  acutus  Cobb,  1917.      Chitwood  and  Oteifa  (6) 
observed  oligochaetes  feeding  upon  nematode  eggs,  while  Schaerf fenberg 
(30)  demonstrated  that  enchytraeids  controlled  Heterodera  schachtii 
Schmidt,  1871  in  greenhouse  pots.    Tardigrades  were  reported  feeding 
upon  Trichodorus  aequalis  Allen,  1957  by  Hutchinson  and  Streu  (16). 
Esser  and  Sobers  (12)  expressed  doubt  that  tardigrades  can  be  utilized 
in  biological  control  as  they  are  rarely  found  in  abundance.  Little 
is  known  of  the  presence  of  nematicidal  fungi  in  Florida  soils  and 
there  have  been  no  studies  on  the  effects  fumigation  have  on  these  fungi. 

A  survey  of  the  literature  revealed  no  work  on  the  competitive 
status  of  Trichodorus  when  in  association  with  other  plant  parasitic 
nematodes.      Krusberg  and  Sasser  (18)  observed  that  only  small  numbers 
of  Meloidogyne  sp.  and  Pratvlenchus  sp.  were  present  when  Hoplolaimus 
coronatus  Cobb,  1923  was  abundant.      Thome  (34)  noted  that  Xiphinema 
americanum  Cobb,  1913  frequently  dominates  Pratvlenchus  penetrans  (Cobb, 
1917)  Filipjev  and  Stekhoven,  1914  and  Pratvlenchus  minyus  Sher  and  Allen, 
1953  when  in  association  with  these  smaller,  slower  moving  pratylenchs. 


MATERIALS  AND  METHODS 

Field  Experiments 

Field  plot  experiments  involving  the  use  of  nematicides  were  con- 
ducted at  the  Central  Florida  Experiment  Station  for  the  purpose  of 
studying  the  population  build-up  of  T^  christiei  following  fumigation. 
Using  a  randomized  block  design,  plots  were  laid  out  on  Leon  fine  sand 
soil  which  had  been  fallow  for  the  past  ten  years.      The  dominant  plant 
species  prior  to  plowing  was  bermudagrass  (Cynodon  dactylon  (L.)  Pers.). 
The  area  lacked  tile  which  is  normally  used  for  drainage  and  sub- 
surface irrigation;  thus,  when  required,  plots  were  irrigated  by  an 
overhead  sprinkler  system. 

Soil  samples  were  taken  with  a  Hoffer  soil  sampler;  eight-in-the- 
row  samples  were  taken  from  each  plot.      With  one  exception,  samples 
were  taken  to  a  depth  of  6  inches  and  the  soil  placed  in  polyethylene 
bags.      Individual  samples  were  thoroughly  mixed  and  a  100  ml  sub- 
sample  processed  by  the  centrifugal-flotation  method  (17).  Samples 
were  read  within  48  hours  of  sampling.      Nematodes  were  counted  in  a 
known  area  of  a  Syracuse  dish  under  a  binocular  microscope,  and  the 
number  per  100  ml  of  soil  was  calculated. 

Field  Experiment  1.     --Comparison  of  the  effects  of  1 ,3-dichloropropene 

1,  2-dichloropropane  (D-D  soil  fumigant)  fumigation  with  no  fumigation 

on  the  population  of  Trichodorus  christiei  on  fall,  spring  and  summer  crops 

After  bringing  the  area  to  seed  bed  tilth,  one  half  of  each  block 

was  treated  with  D-D  soil  fumigant  at  the  rate  of  30  gal  per  acre 


applied  with  a  conventional  shank  injector  at  a  depth  of  6  inches. 
Two  weeks  later  the  plots  were  fertilized  with  a  5-5-8  mixture  at  a 
rate  of  1000  lb  per  acre,  disked  and  leveled.      Two  crops  were  planted, 
with  5  rows  of  each  per  replicate  which  were  35  ft  long  by  24  ft  wide 
(Table  1).      Data  were  taken  from  the  3  rows  of  each  crop,  within  the 
border  rows. 

Table  1.      Crops  Used  in  Comparing  D-D  Fumigation  With  No  Fumigation 


Crop 

Variety 

Planting  Date 

Harvesting  Date 

Cabbage 

Marion  market 

10/14/64 

2/3/65 

Sorghum 

Beef  builder 

Cabbage 

Coppenhagen 

3/25/65 

6/10/65 

Sweet  corn 

Gold  cup 

Soybean 

Lee 

7/19/65 

10/20/65 

Sorghum  x  sudan- 
grass  hybrid 

Grazer  A 

Cabbage 

Market  topper 

11/12/65 

2/25/66 

Sorghum  x  sudan- 
grass  hybrid 

Grazer  A 

Population  counts  of  the  nematodes  present  were  made  at  the  end  of 
each  month.      Yields  were  taken  on  a  fresh  weight  basis  at  harvest. 

Field  Experiment  2.       --A  split-plot  experiment  designed  to  study  the 
residual  effect  of  three  nematicides  in  the  control  of Trichodorus  christiei 

A  comparison  was  made  between  a  single  nematicide  application 

prior  to  a  summer  crop  of  'Funks'  hybrid  field  corn  and  its  effects  on 
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the  following  fall  crop  of  'Greenback'  cabbage  with  that  of  an  applica- 
tion prior  to  both  the  summer  and  fall  crops  on  plots  12.5  ft  by  14  ft. 
The  experiment  was  terminated  by  observing  the  residual  effect  of  the 
nematicides  on  a  crop  of  'Gold-Cup'  sweet  corn  the  following  spring. 

The  treatments  included:     (1)  check,  (2)  0-0  diethyl  0-2  pyrazinyl 
phosphorothioate  (zinophos)  at  3  lb  per  acre,  (3)  l,2-dibromo-3- 
chloropropane  (Nemagon)  at  2  gal  per  acre,   (4)  D-D  soil  fumigant  at 
15  gal  per  acre,  and  (5)  D-D  soil  fumigant  at  25  gal  per  acre. 

Prior  to  fumigation  25  lb  of  soil  containing  100  T.  christiei  per 
100  ml  was  spread  over  each  plot  and  disked  in.      The  fumigants  were 
applied  by  a  hand  applicator  on  a  12-inch  lattice  to  a  depth  of  6  inches 
2  weeks  before  planting.      Zinophos  was  applied  as  a  10  per  cent  granu- 
lar formulation  to  the  soil  surface  just  prior  to  planting  and  immediately 
forked  into  the  soil  to  a  depth  of  +  6  inches.      The  plots  were  then 
fertilized  with  a  5-5-8  fertilizer  mixture  at  the  rate  of  1000  lb 
per  acre,  disked,  leveled  and  planted. 

The  plots  were  cultivated  to  reduce  weed  growth  and  a  side  dress- 
ing of  5-5-8  fertilizer  was  applied  at  the  rate  of  500  lb  per  acre 
during  the  third  and  sixth  week  following  planting.      The  insecti- 
cide Sevin  was  applied  twice  a  week  at  2  lb  per  100  gal  of  water  to 
control  corn  earworm.      Cabbage  looper  control  was  obtained  using  1/2 
pint  of  parathion  plus  1  quart  of  toxaphene  in  100  gal  of  water. 

Soil  samples  were  taken  prior  to  fumigation,  during  the  grow- 
ing season,  and  at  harvest. 
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Field  Experiment  3.    — The  survival  of  Trichodorus  christiei  in  the 
field  in  the  absence  of  a  host. 

A  study  was  made  on  the  effect  of  a  green  manure  crop  incorporated 

into  the  soil  on  the  survival  of  T\_  christiei.  Eight  field  plots  6  ft 

by  6  ft  were  planted  to  a  fall  crop  of  sorghum  x  sudangrass  hybrid 

(variety  Grazer  A)  a  known  host  of  T\_  christiei.    After  7  weeks  all 

the  plots  were  harvested  and  the  root  systems  removed.    The  green 

matter,  at  a  rate  of  17  tons  per  acre,  then  was  incorporated  in  one 

plot  of  each  of  the  4  replicates.    The  experimental  area  was  kept 

weed-free  by  hand  for  the  following  16  weeks,  during  which  time  the 

survival  of  T\_  christiei  was  recorded  in  plots  with  and  without  organic 

matter. 


,         Greenhouse  Experiments 

Greenhouse  Experiment  1.    — Effects  of  four  temperatures  on  the  repro- 
ductive rate  of  Trichordorus  christiei. 

The  study  was  made  in  four  constant  temperature  tanks  designed  by 

Harrison  and  Stall  (14) .    Each  of  the  tanks  held  16  containers  and 

the  tanks  were  randomly  alloted  temperatures  of  80° ,  85° ,  90°  and  95°F 

+  1.5°F.    Leon  fine  sand  soil  was  fumigated  with  methyl  bromide.  After 

allowing  the  soil  to  aerate  for  a  week  a  5-5-8  fertilizer  mixture  was 

thoroughly  mixed  with  the  soil  at  the  rate  of  1000  lb  per  acre  and  1100 

ml  of  this  soil  was  used  to  fill  each  of  64  plastic  containers. 

Specimens  of  T_^  christiei  were  hand  picked  into  distilled  water;  25 

females  (males  are  very  rare)  were  used  to  inoculate  the  soil  in  each 

container.    At  the  time  of  inoculation  half  of  the  containers  were 

planted  to  'Gold  Cup'  sweet  corn  and  half  to  'Rutgers 'tomato.  The 

pots  were  watered  with  distilled  water  as  needed.    At  the  end  of 
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8  weeks  the  experiment  was  terminated.      The  soil  was  thoroughly  mixed 
and  a  representative  sample  obtained.      A  100  ml  sub-sample  was  processed 
using  the  sugar-flotation  method  to  remove  the  nematodes. 

Greenhouse  Experiment  2.      -A  test  designed  to  determine  the  host 
status  of  pangolagrass,  Digitaria  decumbens  Stent.,  to  the  ecto- 
narasitic  nematodes  Trichodorus  christiei  and  Belonolaimus  longi^ 
cauda tus. 

Soil  from  the  Immokolee  fine  sand  series  was  obtained  from  three 
sources  (Table  2) . 

Table  2       Nature  and  Source  of  the  Three  Soils  Used  in  the  Study  of 
the  Host  Status  of  Pangolagrass  to  Trichodorus  christiei 
and  Belonolaimus  longicaudatus . 

 ~  Plant  parasitic  nematodes  in  100  ml  of  soil 

Origin  pH         P.M.3/       Stubby-root   Stunt  Ring  

"Sterile,,b_/    5.3  4.48% 

"Pangola"       7.0         4.32  14 

"Crop"  6.6         2.58  14  32  2 

f/  Chromic  acid  determination  of  the  organic  matter. 

jV  "Sterile"  =  steam  sterilized. 

"Pangola"  =  from  under  a  3-year-old  pangolagrass  pasture. 

"Crop"       =  from  under  sorghum,  prior  to  which  there  had  been  2  crops 
of  tomato. 

Twenty  6-inch  clay  pots  were  filled  with  each  of  the  three  soils 
after  incorporating  the  equivalent  of  1000  lb  per  acre  of  5-5-8  fer- 
tilizer mixture  and  500  lb  per  acre  of  lime. 

The  pots  were  placed  in  the  greenhouse  with  5  replicates  each  of 
the  following  host -inoculation  combinations  in  each  soil: 
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Host 


Nematode 


(1) 


Pangolagrass 


T.  christiei 


(2) 


Pangolagrass 


B.  longicaudatus 


(3) 


Gold  Cup'  sweet  corn 


T.  christiei 


(A) 


Gold  Cup'  sweet  corn 


B.   longicauda tus 


Individual  sprigs  of  pangolagrass  were  planted  in  each  of  the 
designated  pots.      These  sprigs  were  obtained  from  one-month-old  stem 


cuttings  which  had  been  grown  in  sterile  soil.      Three  seeds  of  sweet 
corn  were  planted  in  each  indicated  pot. 

The  nematodes  were  inoculated  in  water  suspensions  around  the 
seeds  of  corn  and  roots  of  pangolagrass.      The  respective  treatments 
received  25  females  of  T.  christiei  and  20  females,  plus  5  males,  of 
B.   longicaudatus.      Both  species  of  neamtodes  were  obtained  from  a 
field  plot  of  sorghum. 

The  pots  were  maintained  for  3  months.      At  the  end  of  each  month 
the  grass  was  clipped  to  the  first  node  and  a  side-dressing  of  5-5-8 
fertilizer  mixture  was  applied  at  the  rate  of  1000  lb  per  acre  to  each 
replicate.      On  termination  of  the  experiment,  fresh  weights  of  roots 
and  tops  were  recorded,  the  soil  in  each  replicate  was  thoroughly  mixed 
and  three  composite  samples  were  obtained  from  each  treatment.  Nema- 
tode-free  sprigs  of  pangolagrass  then  were  planted  in  those  replicates 
which  had  grown  sweet  corn,  and  sweet  corn  was  planted  in  those  repli- 
cates previously  growing  pangolagrass.      These  replants  were  maintained 
for  an  additional  3  months  and  processed  in  the  same  manner. 
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flreenhouse  Experiment  3.       -The  interrelationship  of  population  levels 
of  Trichodorus  christiei  and  Belonolaimus  longicaudatus  in  the  green- 
house utilizing  different  levels  of  initial  inocula. 

The  rates  of  reproduction  of  pure  populations  of  T^  christiei  and 
B^  longicaudatus  were  compared  with  a  third  treatment  having  these  2 
species  in  combination.      The  initial  inoculum  level  of  each  nematode 
both  in  the  pure  and  mixed  treatments  were  25,, 50,  100  and  250.  Inocu- 
lum of  Tj_  christiei  was  comprised  of  females  only,  while  that  of  Ek 
longicaudatus  was  a  4:1  ratio  of  females  to  males. 

Plastic  pots  containing  1,400  ml  of  autoclaved  Leon  fine  sand, 
previously  fertilized  with  an  equivalent  of  1000  lb  per  acre  of  5-5-8 
mixture,  were  planted  to  'Gold  Cup'  sweet  corn  (3  seeds/pot).  Suspen- 
sions of  the  nematode  inocula  were  then  washed  into  the  planting  holes, 
and  the  pots  randomized  on  the  greenhouse  bench. 

After  45  days  the  soil  in  each  pot  was  thoroughly  mixed  and  a  100 
ml  sample  taken  and  processed.      Both  the  corn  tops  and  roots  were 
collected  and  their  dry  weights  recorded.      Following  the  application 
of  fertilizer  the  remaining  soil  was  repotted  and  once  again  planted  to 
'Gold  Cup'  sweet  corn.      The  experiment  was  terminated  45  days  after 
replanting  and  similar  data  were  obtained. 

Greenhouse  Experiment  4.       --A  comparison  of  the  reproductive  rate  of 
25  Trichodorus  christiei  in  D-D  fumigated  soil  with  that  in  unfumigated 
soil. 

The  soil  used  in  this  experiment  was  a  Leon  fine  sand  which  had 
been  fumigated  the  previous  spring  with  the  nematicide  D-D  (27  gal  per 
acre)  prior  to  planting  cantaloupe  (Cucumis  melo  L.  var  reticulatus 
Naud.).      A  late  summer  cover  crop  of  Crotalaria  spectabilis  was 
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planted  following  the  cantaloupe.      After  the  C.  spectabilis  had  been 
harvested  soil  was  removed  from  the  field,  sifted  and  placed  in  six 
3-gal  porcelain  crocks.      Three  of  these  crocks  were  fumigated  at  a 
depth  of  8  inches  with  1.21  ml  D-D  (=30  gal  per  acre)  by  means  of  a 
pipette  fitted  with  a  propippette.      The  soil  temperature  at  the  time  of 
fumigation  was  66°F.      After  waiting  2  weeks,  six  6-inch  clay  pots  were 
filled  with  fumigated  soil  and  six  with  the  unfumigated  soil.      At  the 
time  of  potting  a  100  ml  sample  of  soil  was  processed  and  the  number  of 
nematodes  recorded.     The  pots  were  seeded  with  oats  (Avena  sativa  L.), 
and  25  specimens  of  T^  christiei  added  to  each.    At  the  end  of  2  months, 
the  pots  were  removed  and  the  numbers  of  T^  christiei  per  100  ml  of  soil 
recorded.      The  pots  were  then  replanted  to  'Gold  Cup'  sweet  corn  and 
allowed  to  grow  for  a  further  2  months,  before  once  again  recording  the 
numbers  of  nematodes  present. 

Greenhouse  Experiment  5.       --Investigation  into  the  possible  predaceous 
habit  of  three  free-living  nematodes  and  an  oligochaete  on  Trichodorus 
christiei. 

The  nematode  inocula  were  obtained  from  the  test  conducted  on  the 
host  status  of  pangolagrass  to  T_j_  christiei.  The  specimens  were  hand 
picked  into  distilled  water  and  then  poured  into  6-inch  clay  pots  con- 
taining autoclaved  Leon  fine  sand  soil  which  was  then  seeded  with  'Gold 
Cup'  sweet  corn.  The  design  of  the  treatments  applied  to  each  of  the 
three  possible  predaceous  nematodes  being  tested  was  as  follows  with  5 
replicates  of  each: 

(1)  100  T^  christiei 

(2)  100  T.  christiei  +  25  free- living  specimens 
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(3)  100  Tj_  christiei  +  100  free- living  specimens 

(4)  25  free- living  specimens 

The  free- living  nematodes  included  Aporcelaimellus  obscurus  (Thome 
and  Swanger,  1936)  Heyns,  1965;  Eudorylaimus  simplex  (Thorne  and  Swanger, 
1936)  Andrassy,  1959  and  Mylonchulus  parabrachyurus  (Thorne,  1924) 
Andrassy,  1958. 

Since  oligochaetes  are  commonly  found  in  unfumigated  soil,  a  test 
was  designed  to  investigate  the  effect  they  might  have  on  the  reproduc- 
tion of  T\  christiei.  The  treatments  consisted  of  the  following  three 
rates  of  hand  picked  inocula  replicated  five  times: 

(1)  100  T;_  christiei 

(2)  100  Tj_  christiei  +  100  oligochaetes 

(3)  100  T_;_  christiei  +  500  oligochaetes 

The  inocula  was  poured  into  6-inch  plastic  pots  containing  auto- 
claved  Leon  fine  sand  soil  which  had  been  fertilized  at  the  equivalent 
rate  of  1000  lb  per  acre  of  5-5-8  mixture.      The  host  plant  used  in 
this  experiment  was  'Homestead  24'  tomato.      After  planting,  the  treat- 
ments were  randomly  placed  in  a  growth  chamber  set  at  80°F  with  a  12- 
hour  photoperiod.      Top  and  root  weights  were  recorded  after  8  weeks, 
and  the  soil  in  each  pot  was  thoroughly  mixed  and  a  100  ml  sample 
processed  from  each. 

Greenhouse  Experiment  6.       --The  effect  of  different  kinds  of  potting 
containers  on  the  reproduction  of  Trichodorus  christiei. 

Clay  pots  have  conventionally  been  used  for  determining  nematode 

pathogenicity  and  reproduction  on  a  host.      Frequently  seedling  roots 
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which  escape  nematode  damage  grow  out  to  the  walls  of  the  pot,  where 
they  produce  a  mat.      Owing  to  the  porous  nature  of  clay,  there  are 
greater  moisture  fluctuations  along  the  pot  walls,  producing  an  environ- 
ment which  is  less  favorable  to  nematodes  than  the  center  of  the  pot. 

Previous  indications  were  that  roots  did  not  mat  along  the  walls 
of  glazed  crocks  and  plastic  pots.      Experiments  were  conducted  in  a 
greenhouse  and  growth  chamber  set  at  80°F  to  determine  the  environmental 
effects  in  four  different  6-inch  containers  on  the  reproduction  of  T;_ 
christiei.      The  containers  used  were  as  follows: 

(1)  Red  clay  pot;  surface  irrigated. 

(2)  Red  clay  pot;  sub-surface  irrigated. 

(3)  Glazed  crock. 

(4)  Plastic  pot. 

Five  containers  of  each  type  were  filled  with  1,350  ml  of  auto- 
claved  Leon  fine  sand.      Each  of  the  pots  was  seeded  with  3  'Gold  Cup1 
sweet  corn  seeds,  and  an  inoculum  suspension  of  25  T.  christiei  poured 
over  the  seeds.      In  addition  to  the  inoculated  pots,  5  replicates  of 
uninoculated  pots  were  set  up  in  the  growth  chamber  as  checks. 

After  8  weeks  the  pots  were  removed  and  top  and  root  weights 
recorded.  The  soil  in  each  pot  was  thoroughly  mixed  and  a  100  ml 
sample  processed  to  determine  the  nematode  numbers. 

Laboratory  Experiments 

Laboratory  Experiment  1.  --The  life  cycle  of  Trichodorus  christiei  in 
a  constant  temperature  chamber  set  at  80°F  with  a   12-hour  photoperiod. 
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Styrofoam  cups  were  cut  in  half  and  50  ml  of  autoc laved  Leon  fine 
sand  placed  in  each.  'Homestead  24'  variety  of  tomato  was  then  sown  in 
the  cups  and  after  germination  thinned  to  4  plants  per  cup.  Two  weeks 
after  planting  10  gravid  females  of  T_j_  christiei  obtained  from  a  tomato 
host  were  poured  into  a  hole  adjacent  to  one  of  the  tomato  seedlings  in 
each  of  48  cups.  From  the  third  to  the  eighteenth  day,  4  cups  were 
removed  per  day. 

The  soil  was  processed  using  an  unpublished  technique  devised  by 
the  late  M.  B.  Linford  of  the  University  of  Illinois.      The  soil  and 
nematodes  collected  from  the  washings  on  the  325-mesh  screen  were 
poured  onto  a  folded  Kimwipe  tissue  held  between  two  2-ounce  plastic 
funnels.      The  funnels  were  placed  on  the  walls  of  a  Syracuse  dish  in 
such  a  manner  as  to  suspend  the  tissue  above  the  bottom  of  the  dish. 
After  allowing  the  washings  to  settle  on  the  tissue  (1-2  minutes)  the 
funnels  were  transferred  to  a  second  Syracuse  dish.      The  water  level  in 
this  dish  was  raised  to  a. level  just  above  that  of  the  tissue.    After  6 
hours  the  funnels  were  transferred  to  a  third  Syracuse  dish  and  the 
water  level  was  adjusted  as  described  above.      The  funnels  were  removed 
from  this  third  dish  after  2  hours,  and  the  numbers  and  stages  of  develop 
ment  of  the  nematode  specimens  were  recorded. 

Specimens  of  the  oldest  stage  collected  each  day  were  placed  in  a 
specimen  vial  filled  1/4  full  of  distilled  water,  and  the  remainder  of 
the  offspring  were  placed  in  another  similar  vial.      The  vials  were  then 
transferred  to  a  hot  water  bath  at  50°C  for  15  minutes, at  which  time 
the  level  in  the  vials  was  brought  to  1/2, using  2  per  cent  formalin  solu- 
tion for  fixation  and  preservation. 
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Laboratory  Experiment  2.      --Mode  of  molting  by  Trichodorus  christiei. 

Specimens  of       christiei  were  studied  while  molting  in  water 
and  in  3/4  per  cent  water  agar  contained  in  the  top  half  of  60  x  15  mm 
plastic  culture  dishes.      After  picking  the  nemas  into  the  agar,  the 
surface  of  the  agar  was  covered  with  a  disk  of  plastic  sheet  to  prevent 
drying  and  facilitate  studies  with  the  aid  of  a  compound  microscope. 
Other  specimens  were  fixed  at  various  stages  throughout  molting  by 
placing  them  in  1  per  cent  formalin  at  5°C.      These  were  then  mounted 
on  Cobb  aluminum  slide  holders  to  facilitate  study  from  both  sides  with 
the  aid  of  oil  immersion  objectives. 

Laboratory  Experiment  3.      --Determination  of  the  reproductive  potential 
of  Trichodorus  christiei. 

Styrofoam  cups  were  prepared  as  above,  but  in  this  experiment  48 
cups  were  inoculated  with  individual  fourth  stage  larvae  and  placed  in 
a  growth  chamber  set  at  80°F  with  a  12-hour  photoperiod.      At  the  end  of 
16,  17,  18,  19  and  38  days,  8  cups  were  processed  using  Linford's  funnels. 
Counts  were  made  of  the  numbers  of  each  life  cycle  stage  of  T\  christiei 
present  in  each  cup.     This  experiment  was  duplicated. 

Laboratory  Experiment  4.  — Population  dynamics  of  Trichodorus  christiei 
as  affected  by  original  numbers. 

The  effects  of  initial  inocula  numbers  on  the  reproductive  rate  of 

T.  christiei  were  studied  in  a  constant  temperature  chamber  set  at 

80°F  with  a  photoperiod  of  12  hours.      The  treatments  included  hand 

picked  inocula  of  25,  100  and  400  females  of  Tj_  christiei  inoculated 

into  4-inch  plastic  pots.      Each  pot  contained  375  ml  of  autoc laved  Leon 
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fine  sand  soil,  and  were  planted  to  'Homestead  24'  variety  of  tomato. 
Following  germination  the  tomato  seedlings  were  thinned  to  6  plants  per 
pot.      At  the  end  of  21  days  and  42  days,  respectively,  6  replicates  of 
each  treatment  were  removed.      Top  and  root  weights  were  recorded  and 
all  the  soil  in  each  pot  was  processed  using  Christie  and  Perry's  modi- 
fied Baermann  funnel  technique  (9).      Counts  were  recorded  after  12 
hours. 

Laboratory  Experiment  5.       --An  investigation  into  the  possibility  of 
a  stage  resistant  to  D-D  fumigation  in  the  life  cycle  of  Trichodorus 
christiei. 

One  pint  wide-mouth  fruit  jars  were  filled  with  field  soil  and 
each  of  the  following  10  treatments  was  replicated  5  times: 

Rate  per  acre  Rate  per  jar 


(1) 

Check 

(2) 

690  gal  of  mineral  spirits 

1.0 

(3) 

10  gal 

of  D-D  per  acre 

0.2 

(4) 

15  " 

ii      ii  ii 

0.3 

(5) 

30  " 

ii      ii  ii 

0.6 

(6) 

50  " 

ii      ii  ii 

1.0 

(7) 

10  gal 

of  water  soluble  D-D  per 

acre 

(8) 

15  " 

it           it           ii  ii 

ii 

(9) 

30  " 

it           ii           ii  ii 

ii 

(10) 

50  '»' 

it           ii           ii  ii 

ii 

The  basic  solution  in  treatments 

3  through 

II  II 


II  M 


spirits  +  7.2  ml  D-D.      The  basic  solution  of  the  water  soluble  D-D 
contained  91.8  ml  water  +  7.2  ml  D-D  +  1.0  ml  Triton  X  100  surfactant. 
This  latter  solution  was  mixed  by  adding  the  surfactant  to  the  D-D  and 
then  adding  water. 
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The  D-D  was  applied,  using  a  1  ml  pipette  filled  with  a  propipette, 
to  a  depth  of  4  inches  within  each  jar.      After  the  pipette  was  removed, 
each  injector  hole  was  carefully  sealed. 

The  jars  were  placed  in  a  laboratory  cabinet  (+  72°F)  for  2  weeks. 
Water  was  added  as  needed  to  prevent  drying  out  of  the  soil.      A  100  ml 
sample  of  soil  was  then  obtained  from  each  jar  and  processed  using  the 
centrifugal-flotation  method.      Counts  were  made  of  living  nematodes; 
i.e.,  those  which  were  moving.      The  remainder  of  the  soil  from  each  jar 
was  placed  in  a  4-inch  clay  pot,  seeded  with  'Homestead  24'  variety  of 
tomato  and  placed  in  the  greenhouse.      Three  weeks  later  another  100  ml 
soil  sample  was  processed  as  before. 

This  experiment  was  repeated  using  a  wider  range  of  water  soluble 
D-D  rates  and  a  soil  containing  a  pure  population  of  T;_  christiei.  The 
treatments  included: 

Rate  per  acre  Rate  per  jar 

(1)  Check 

(2)  25.0  gals  of  water-soluble  D-D  per  acre       0.33  ml  of  basic  solution 

(3)  45.0    "  "         "  "    "      "  0.60  "  "  " 

(4)  56.25  "  "         "  "    "      "  0.75  "  "  " 

(5)  75.0    "  "         "  "    "      "  1.00  "  "  " 
The  basic  solution  was  made  up  of  88.2  ml  water  +  10.8  ml  D-D  + 

1.0  ml  Triton  X  100  surfactant. 

Laboratory  Experiment  6.       --Survival  of  Trichodorus  christiei  in  the 
absence  of  a  host  at  80°F. 
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Six  clay  pots  were  filled  with  Leon  fine  sand  in  which  a  pure 
population  of       christiei  had  been  established,  and  4  clay  pots  with 
the  same  type  of  field  soil  containing  a  mixed  population  of  nematodes. 
The  tops  of  the  pots  were  covered  with  polyethylene  secured  by  elastic 
bands,  in  order  to  limit  the  loss  of  moisture  from  the  soil.      The  pots 
were  then  placed  in  a  constant  temperature  chamber  and  watered  as  needed. 
Individual  pots  of  each  soil  type  were  processed  after  0,  2,  4,  and  8 
weeks.      The  remaining  2  pots  containing  the  pure  populations  were 
taken  down  after  12  and  16  weeks.      Two  samples  of  a  100  ml  size  were 
processed  from  each  pot,  using  the  centrifugal-flotation  method,  and 
the  number  of  surviving  T.  christiei  were  recorded. 

Laboratory  Experiment  7.      —Morphological  studies  on  Trichodorus 
christiei. 

Morphological  studies  were  made  on  specimens  of  T^  christiei 
which  had  been  killed  and  fixed  as  in  Laboratory  Experiment  1.  However, 
better  results  were  obtained  by  staining.      The  stain  was  prepared  by 
adding  0.05  ml  of  green  food  color  (water  and  propylene  glycol)  to  2.00 
ml  of  water.      Living  specimens  of  T.  christiei  were  placed  in  this 
stain  which  killed  them  within  24  hours  to  48  hours.      The  killed  speci- 
mens were  then  fixed  in  1  per  cent  formalin  on  Cobb  aluminum  slides. 


RESULTS  AND  DISCUSSION 


Field  Experiments 

Field  Experiment  1.      Tables  3  a,  b  and  c  show  that  the  build-up  of  T^ 
christiei  following  soil  fumigation  described  by  Christie  and  Perry  (8) 
may  take  place  during  any  season  of  the  year,  provided  a  host  is  present. 
However,  the  more  rapid  increase  obtained  on  the  summer  crop  of  sorghum 
indicates  that  the  rates  of  build-up  vary  with  differing  levels  of  temper- 
ature. 

The  depth  at  which  the  young  feeder  roots  of  the  host  crop  are 
located  is  of  importance  when  studying  the  population  of  T^  christiei 
(Fig.  1).      Tables  3  a,  b  and  c  show  that  the  major  build-up  in  the 
6  weeks  following  planting  is  in  the  top  6  inches  of  soil.  Thereafter, 
until  harvesting,  the  population  of  T.  christiei  increases  very  rapidly 
below  the  6-inch  depth.      The  extent  to  which  this  deeper  population 
develops  is  not  only  dependent  upon  the  nature  of  the  host  root  system, 
but  also  on  whether  or  not  the  soil  has  been  fumigated  (Table  4).  The 
reason  for  this  is  apparently  due  to  the  fact  that  soil  fumigation  per- 
mits the  young  seedlings  to  develop  a  root-system  capable  of  outgrow- 
ing the  ensuing  nematode  infestation  (Fig.  2).      Thus,  it  was  possible 
for  the  fumigated  plots  to  out-yield  those  not  fumigated  (Table  5)  , 
while  supporting  a  larger  population  of  T\  christiei  from  about  the 
seventh  week  until  harvesting.      However,  the  control  of  Belonolaimus 
longicaudatus  by  fumigation  should  not  be  overlooked  since  this  nema- 
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tode  is  far  more  pathogenic  and  destructive  to  vegetable  crops  in  this 
area  than  T_j_  christiei  is. 

When  comparing  the  yield  of  cabbage  from  fumigated  plots  with 
that  from  unfumigated  plots,  it  should  be  noted  that  there  is  a  signif 
cant  different  in  yield  at  the  120-day  harvest,  whereas  the  yields 
obtained  from  the  second  harvest  at  140  days  were  comparable  (Table  5) 
The  crops  on  fumigated  plots  of  this  experiment  reached  maturity  as 
much  as  2  weeks  before  those  on  unfumigated  plots. 
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Roots  of  a  sweet  corn  plant  showing  stubby -root 
symptoms  caused  by  Trichodorus  christiei. 


Table  4.      The  Effect  of  Sorghum  Root-depth  on  Populations 
of  Trichodorus  christiei  at  Harvest. 

Depth       Average  No.  of  Dry-weight  of        No.  of  T.  christiei/ 100  ml 

Root-tips  roots  (grams,)  of  soiT~ 


VjilcL.  in. 

Check 

Fuxniga  ted 

Check 

Fumigated 

0-2 

in 

2&/ 

3b/ 

10.1 

16.7 

182 

315 

2-4 

in 

4 

6 

6.2 

6.9 

287 

350 

4-6 

in 

8 

7 

2.7 

3.8 

385 

235 

6-8 

in 

4 

10 

0.9 

2.1 

228 

676 

8-10 

in 

1 

4 

0.2 

0.8 

161 

392 

10-12 

in 

2 

0.05 

0.4 

53 

239 

12 

in 

1 

0.0 

0.25 

32 

189 

a/  Average  of  6  samples, 
b/  Average  of  12  samples. 


Below  a  depth  of  6  inches,  the  plant  parasitic  nematode  population 
became  increasingly  dominated  by  T.  christiei.      In  this  respect  very 
few  B.  longicaudatus  were  found  below  the  8-inch  depth. 
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2. 


Comparison  of  sweet  corn  seedling  growth  on  unfumigat 
Leon  fine  sand  soil  with  that  fumigated  with  D-D  soil 
fumigant  applied  at  30  gal  per  acre. 
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Field  Experiment  2.      When  studying  the  data  on  the  split-plots  experi- 
ment in  Tables  6a,  b,  c  and  d,  designed  to  study  the  residual  action  of 
certain  nematicides  on  the  build-up  of  T_j_  christiei,  consideration 
should  be  given  to  the  following: 

a)  The  plots  treated  with  the  organo-phosphate  nematicide, 
zinophos,  restricted  the  build-up  of  T.  christiei.      The  residual  action 
of  this  material  also  can  be  seen  in  the  limited  numbers  of  T.  christiei 
which  were  found  on  the  second  crop  following  a  single  application  (Table 
6b).      This  residual  action  was  not  seen  in  the  final  crop  of  sweet  corn, 
though  the  yields  on  the  plots  receiving  2  applications  of  zinophos 
proved  statistically  greater  than  all  other  treatments. 

b)  The  build-up  of  T_j_  christiei  was  substantially  greater  follow- 
ing an  application  of  D-D  soil  fumigant  at  25  gal  per  acre  than  at  15 
gal  per  acre.      In  addition,  the  numbers  of  T\_  christiei  present  at 
harvest  were  greater  with  a  double  application  of  D-D  at  both  the  25  and 
15'  gal  rates. 

c)  There  were  no  significant  differences  in  control  of  T^  christiei 
between  single  and  double  applications  of  Nemagon  at  2  gal  per  acre,  and 

in  both  cases  the  build-up  surpassed  that  of  the  control. 

d)  In  Table  6a  it  can  be  seen  that  although  the  plots  that 
received  25  gal  of  D-D  per  acre  had  the  highest  numbers  of  J_j_  christiei 
at  harvest,  they  produced  significantly  greater  yields  of  corn  than  did 
all  other  treatments.      The  same  was  found  to  be  true  on  cabbages  (Tables 
6b  and  c)  with  the  exception  that  the  yield  was  not  statistically  differ- 
ent from  those  plots  receiving  2  applications  of  zinophos  at  3  lb  per  acre. 
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e)  Table  6a  shows  that  the  application  of  each  nematicide 
resulted  in  significant  yield  increases  of  field  corn.      These  yield 
increases  were  partly  due  to  early  control  of  T^  christiei  and  partly 
due  to  control  of  other  parasitic  nematodes. 

In  addition,  the  number    of  T^  christiei  after  58  days  was  greater 
than  that  at  72  days.      The  reason  for  this  is  apparently  due  to  the 
fact  that  at  harvest  the  samples  were  taken  to  a  6-inch  depth.      As  shown 
in  the  previous  experiment,  by  crop  maturity  the  majority  of  T\  christiei 
are  below  this  depth. 

When  cabbage  was  planted  on  the  same  plots  following  the  corn  and 
half  the  original  number  of  plots  retreated,  none  produced  significant 
yield  increases  except  those  retreated  with  zinophos  at  3  lb  per  acre 
and  D-D  at  25  gal  per  acre  (Table  6c).      The  fact  that  the  check  plots 
yielded  more  than  some  of  the  treated  plots  suggests  that  cabbage, 
by  virtue  of  their  numerous  rootlets,  can  withstand  nematode  damage 
better  than  corn.      In  addition,  the  larger  initial  populations  of  T. 
christiei  may  have  influenced  yields. 

f)  The  counts  of  1\_  christiei  on  the  final  untreated  crop  of 
sweet  corn  are  given  in  Table  6d.      With  the  exception  of  Nemagon,  the 
counts  of  all  treatments  are  very  similar  at  harvest,  although  the 
numbers  3  weeks  after  planting  show  considerable  variation.      The  only 
statistically  outstanding  yield  was  obtained  from  the  plots  which  had 
received  2  applications  of  zinophos  at  3  lb  per  acre. 
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Field  Experiment  3.      Table  7  shows  that  in  the  absence  of  a  host  there 
was  a  gradual  mortality  of        christiei  during  the  first  8  weeks. 
Between  the  eighth  and  twelfth  weeks  the  mortality  doubled  that  of  the 
first  8  weeks.      After  16  weeks,  when  the  experiment  was  terminated,  the 
T.  christiei  population  had  been  reduced  to  1/5  of  the  original  number. 
A  comparison  of  the  survival  of  T\_  christiei  under  bare  plots  with  bare 
plots  in  which  organic  matter  had  been  incorporated  (at  the  rate  of  17 
tons  per  acre)  revealed  no  differences  (Table  7).      By  contrast, 
Patrick  ej:  al.   (23)  obtained  nematicidal  substances  from  decomposing  rye. 
It  is  possible  that  under  summer  conditions  a  more  rapid  decomposition 
of  the  organic  matter  might  prove  detrimental  to  T_;_  christiei. 


Table  7.      A  Comparison  of  the  Survival  of  Trichodorus  christiei 
in  the  Presence  and  Absence  of  Organic  Matter  (O.M. ) 
Under  Clean  Cultivation  in  the  Field. 


Time  in  Weeks 

Treatment  0  3  1/2  8  12  16 

Check    O.M.     Check    O.M.     Check    O.M.     Check    O.M.    Check  O.M. 


No.  of  t      414f/    390       340      350       296      288        120      133         94  74 

christiei/ 

100  ml  of 

soil. 

%  reduction      0  0         18        10         29        26         71       71         77  81 

from  original 

population. 

Soil  Temp. (°F)      74  61 


f/  Data  from  4  replicates. 
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Greenhouse  Experiments 

Greenhouse  Experiment  1.      Of  the  four  temperatures  investigated,  80°F 
proved  most  favorable  for  reproduction  by  T.  christiei  (Table  8).  There 
was,  however,  no  statistical  significance  between  the  reproductive  rates 
at  80°  and  85°F.      Malek  et  al.   (20)  in  New  Jersey  found  77°F  to  be  the 
optimum  for  T\_  christiei  reproduction.      Thus,  the  New  Jersey  and 
Florida  populations  of  T^  christiei  appear  to  have  similar  optimum 
temperature  requirements  for  reproduction. 


Table  8.      The  Effect  of  Temperature  on  the  Reproductive  Rate  of 

25  Trichodorus  christiei  on  Sweet  Corn  and  Tomato  After 
8  Weeks. 


Temperature 

Rep. 

Rep. 

2 

Avera 

Corn 

Toma  to 

Corn 

Tomato 

Corn 

Toma  to 

95°F 

53W 

583 

2,844 

294 

1,449 

90°F 

2,253 

10,500 

5,103 

7,489 

3,678 

8,995 

85°F 

8,394 

13,828 

6,899 

11,567 

7,647 

12,698 

80°F 

9,891 

15,402 

10,626 

12,788 

10,259 

14,095 

fy  Replicate  1  ran  from  8/1/65  to  9/25/65;  and  Replicate  2,  from  11/5/65 


to  1/2/66. 
b/  Average  count  of  8  pots. 

Com    F^  =  24.40*  Tomato    F^  =  63.2** 

LSD  LSD 
05      3,991.34  05  2,591.45 

The  populations  of  T_j_  christiei  produced  on  'Rutgers'  tomato  were 
greater  in  number  than  those  produced  on  'Gold  Cup'  sweet  corn.  As 
noted  by  Bird  (4),  the  morphology  of  T.  christiei  was  affected  by  the 
host  upon  which  the  specimens  had  been  feeding.      Of  interest  was  the 
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presence  of  several  males  at  95°F.      Under  field  conditions  males  of 
this  nematode  are  extremely  rare. 

Greenhouse  Experiment  2.      The  data  presented  in  Table  9  show  that  T. 
christiei  and        longicaudatus  each  parasitize  and  reproduce  on  pangola- 
grass,  giving  rise  to  as  much  as  an  eightfold  increase  in  their  numbers 
over  a  three-month  period  in  sterile  soil.      In  unsterilized  soil  taken 
from  two  different  field  locations,  the  populations  did  little  more 
than  maintain  their  numbers,  which  suggested  the  presence  of  a  biological 
interaction.      Consideration  should  be  given  to  two  factors  in  unsteril- 
ized soil,  viz.  ,  (1)  the  presence  of  other  plant  parasitic  nematodes 
and  (2)  the  presence  of  certain  nematode  predators. 

T.  christiei  proved  more  pathogenic  to  the  pangolagrass  root 
system  than  did        longicaudatus  (Table  10),  but  the  latter  was  more 
pathogenic  to  sweet  corn.      The  mixed  population  of  plant  parasitic 
nematodes  present  in  "Pangola"  and  "Crop"  soils  undoubtedly  contributed 
to  the  smaller  root  systems  in  these  soils  when  compared  to  those  in 
"Sterile"  soil.      Albeit,  the  terminal  numbers  of  T.  christiei  and  B. 
longicaudatus  were  larger  in  the  "Sterile"  soil. 
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Table  9.      Plant  Parasitic  Nematode  Populations  in  100  ml  of  Soil  From 
Under  Pangolagrass  Followed  by  Sweet  Corn  and  Vice  Versa 
Maintained  in  the  Greenhouse  for  3  Months. 


Soil 

Host 

Initially  inoculated  with  25 

Nematode 

T.  christiei 

Stubby-root 

Lesion 

Stunt 

St  ins 

Ring 

"Sterile" 

Pangolagrass 
then  Sweet  Corn 

14a/ 
907 

"Pangola" 

Pangolagrass 
then  Sweet  Corn 

11 
151 

39 
5 

4 

_ 

_ 

"rrnn" 

Pangolagrass 
then  Sweet  Corn 

14 
109 

42 
1 

2  • 
1 

83 

"Sterile" 

Sweet  Corn 

then  Pangolagrass 

54 
459 

"Pangola" 

Sweet  Corn 

then  Pangolagrass 

94 
119 

188 
32 

"Crop" 

Sweet  Corn 

then  Pangolagrass 

88 
105 

130 
25 

219 
70 

5 

Soil 

Host 

Initially  inoculated  with  25 
longicaudatus  Nematode 

Belono laimus 

Stubby-root 

Lesion 

Stunt 

Sting 

Ring 

"Sterile" 

Pangolagrass 
then  Sweet  Corn 

53 
315 

"Pangola" 

Pangolagrass 
then  Sweet  Corn 

21 

46 
25 

7 
11 

4 

"Crop" 

Pangolagrass 
then  Sweet  Corn 

27 
4 

1 

7 

130 
67 

"Sterile" 

Sweet  Corn 

then  Pangolagrass 

112 
872 

"Pangola" 

Sweet  Corn 

then  Pangolagrass 

28 
60 

147 
49 

32 
42 

"Crop" 

Sweet  Corn 

then  Pangolagrass 

16 
112 

210 
25 

172 
144 

18 
6 

58 
14 

fj  Average  of  three  samples.  Samples  collected  by  taking  one  probe  from 
each  of  the  five  6-inch  pot  replicates.  A  100  ml  sub-sample  was  pro- 
cessed from  each  sample. 
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Stubby-root 
Lesion 

Stunt 
Sting 
Ring 


Key  to  Table  9: 

=         Trichodorus  christiei 


Pratylenchus  brachyurus  and 
P.  zeae 

Tylenchorhynchus  spp. 
Belonolaimus  longicaudatus 
Criconemoides  spp. 


Table  10.      Total  Dry  Weight  (Grams)  of  Roots  From  5  Replicates 
of  Pangolagrass  and  Sweet  Corn  After  3  Months  in 
Association  with  Trichodorus  christiei  and  Belono- 
laimus longicaudatus. 


Soil 

Crop 

Nematode 

Stubby-root 

Stubby-root 

Sting 

Sting 

on  11/29/65 

on  3/7/66  on 

11/29/65 

on  3/7/6 

"Sterile" 

Sweet  Corn 

32. 2a/ 

21. 4b/ 

17. 5a/ 

18.7b/ 

Pangolagrass 

14.8b/ 

14.9a/ 

25 . 8b/ 

18.2a/ 

"Pangola" 

Sweet  Corn 

16.6 

18.9 

9.5 

17.9 

Pangolagrass 

6.6 

10.5 

9.9 

12.3 

"Crop" 

Sweet  Corn 

17.1 

16.2 

12.2 

15.1 

Pangolagrass 

12.6 

9.6 

10.7 

18.1 

£/  Same  pots;  planted  first  to  sweet  corn,  then  pangolagrass. 
b/  Same  pots;  planted  first  to  pangolagrass,  then  sweet  corn. 
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Greenhouse  Experiment  3.    The  results  of  the  experiment  conducted  to 
determine  the  effect  of  the  competition  by        longicaudatus  on  the 
reproduction  of  T.  christiei  are  presented  in  Table  11.     After  45  days 
virtually  no  discernible  effects  of  the  competition  were  detected.  In 
all  probability,  this  was  due  to  the  low  levels  of  initial  inoculum. 
The  data  recorded  45  days  after  replanting  these  same  pots  suggest 
that  T.  christiei  in  the  control  pots  had  attained  maximum  levels  of 
of  infestation;  i.e.,  +  1,000  individuals  per  100  ml  of  soil,  irrespective 
of  the  initial  level  of  inoculum.    Nevertheless,  the  presence  of  B. 
longicaudatus  resulted  in  a  marked  reduction  of  the  numbers  of  T. 
christiei.  This  reduction  was  more  marked  the  greater  the  initial 
inoculum  numbers,  averaging  up  to  50  per  cent.    These  differences  were 
not  statistically,  significant,  owing  to  wide  variation  in  numbers  and 
too  few  replicates.     By  contrast,  the  reproduction  of  B.  longicaudatus 
was  less  effected  the  larger  the  initial  numbers  of  T_;_  christiei. 

The  average  dry  weights  of  the  second  sweet  corn  planting;  i.e., 
from  the  45th  day  to  the  90th  day,  are  given  in  Table  12.    These  data 
indicate  that  B^  longicaudatus  is  much  more  pathogenic  to  sweet  corn  than 
is  T.  christiei  (Fig.  3  and  4).  In  general  the  corn  was  damaged  more  by 
the  combination  of  the  species  than  by  B^  longicaudatus  alone,  though 
there  were  fewer  numbers  of  Bj_  longicaudatus  in  the  combination. 
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Table  12.      Effect  of  Trichodorus  christiei  and  Belonolaimus 
longicaudatus  on  the  Dry  Weights  (Grams)  of  the 
Second  Crop  of  Sweet  Corn.      The  Corn  Was  Harvested 
45  Days  after  Replanting  in  Pots  in  Which  the  Nema- 
todes had  Previously  Been  Established. 


T.  christiei 

Initial  T^  christiei  B.  longicauda tus  + 

Inoculum  B^  longicauda tus 


25 

Tops 

4.0  U 

3.6 

3.4 

Roots 

2.9 

2.3 

2.0 

50 

Tops 

3.9 

3.5 

3.7 

Roots 

3.2 

2.7 

2.3 

100 

Tops 

3.4 

2.8 

3.4 

Roots 

2.7 

2.2 

1.9 

250 

Tops 

4.0 

1.7 

2.5 

Roots 

2.3 

1.2 

1.6 

Check 

Tops 
Roots 

4.1 
3.9 

a/  Average  of  4  replicates  with  three  plants  per  replicate. 
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Fig.  3  -  The  effect  of  Belonolaimus  longicaudatus  on 

the  growth  of  sweet  corn  45  days  after  replant- 
ing in  pots  initially  inoculated  with  (left  to 
right)  250,  100,  50  and  25  specimens. 


45 


ig.  4  -  Growth  of  sweet  corn  45  days  after  replanting 

in  pots  initially  inoculated  with  (left  to  right) 
250,  100,  50  and  25  Trichodorus  christiei. 
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Greenhouse  Experiment  4.      Results  of  the  comparison  of  the  reproduc- 
tive rates  of  T\_  christiei  in  D-D  fumigated  soil  with  unfumigated  soil 
are  given  in  Table  13.      After  8  weeks  the  number  in  the  unfumigated 
soil  was  1.7  times  that  in  fumigated  soil,  due  to  higher  initial  numbers 
of  T\_  christiei  in  the  unfumigated  soil.      However,  during  the  follow- 
ing 8  weeks  the  situation  was  reversed  with  D-D  fumigated  soil  having 
1.6  times  more  T.  christiei.      This  demonstrated  that  a  build-up  of 
T.  christiei.  similar  to  that  seen  in  the  field,  can  take  place  when 
this  nematode  is  inoculated  into  D-D  fumigated  soil  in  greenhouse  pots. 

Table  13.  The  Reproductive  Rate  of  Trichodorus  christiei  in 
D-D  Fumigated  Soil  and  Unfumigated  Soil  in  Green- 
house Pots. 


Numbers  of  T.  christiei  in  100  ml  of  soil  

Treatment  Initially  After  8  weeks         After  16  weeks 

Host:     Oats         Host:     Sweet  Corn 
Unfumigated  1Q  72£/  560 

D-D  at  30  gal 

per  acre  2  42  910 

tl  Average  of  2  samples  which  consisted  of  a  probe  taken  from  each  of 
the  6  replicates. 

Greenhouse  Experiment  5.      The  data  obtained  in  the  experiment  conducted 
to  determine  whether  oligochaetes  have  an  effect  on  the  reproduction  of 
T.  christiei  are  presented  in  Table  14.      It  should  be  noted  that, 
although  initially  inoculated  into  steam-sterilized  soil,  the  oligochaet< 
were  able  to  feed  and  reproduce.      However,  no  statistical  difference 
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could  be  detected  on  the  reproduction  of  T_j_  christiei,  under  the  condi- 
tions of  the  experiment,  as  a  result  of  the  increase  in  oligochaetes. 


Table  14.     Effects  of  Oligochaetes  on  Number  Of 
Trichodorus  christiei  After  8  Weeks. 


No.  T.  christiei 

No.  Oligochaetes 

Inoculum 

per 

100  ml  of  soil 

per  100  ml  of  soil 

100  T.  christiei 

alone 

1,4191/ 

100  T.  christiei 
chaetes 

+  100  oligo- 

1,326 

806 

100  T.  christiei 
chaetes 

+  500  oligo- 

1,285 

1,238 

/  Average  of  5  replicates. 


The  results  of  the  study  conducted  on  the  possible  predaceous  habits 
of  Eudorylaimus  simplex ,  Aporcelaimellus  obscurus ,  and  Mylonchulus 
parabrachyurus  on  T^  christiei  are  shown  in  Table  15.      Of  these  three 
free-living  nematodes,  only  the  presence  of  A.  obscurus  resulted  in 
reduced  numbers  of  T^  christiei.      However,  in  a  second  test  when 
specimens  of  A.  obscurus  were  inoculated  into  a  previously  established 
population  of  T.  christiei,  no  such  differences  were  observed  (Table  16). 
From  these  tests  it  was  concluded  that  none  of  these  nematodes  affect 
population  levels  of  T.  christiei. 
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Table  15.      Effects  of  Three  Possible  Predaceous  Nematodes  on 
Populations  of  Trichodorus  christiei. 


Numbers  per  100  ml  of  soil  after: 
8  Weeks  25  Weeks 


100  T.  christiei  alone 

270 

147 

100  T.  christiei  + 

25  Eudorylaimus  simplex 

266 
0 

228 
84 

100  T.  christiei  + 

100  Eudorylaimus  simplex 

238 
4 

144 
133 

25  Eudorylaimus  simplex  alone 

4 

109 

Numbers  per  100 
8  Weeks 

ml  of 

soil  after: 
16  Weeks 

100  T.  christiei  alone 

203 

591 

100  T.  christiei  + 

25  Aporcelaimellus  obscurus 

217 
0 

353 
66 

100  T.  christiei  + 

100  Aporcelaimellus  obscurus 

154 
4 

273 
96 

Numbers  per  100 
8  Weeks 

ml  of 

soil  after: 
25  Weeks 

100  T.  christiei  alone 

270 

147 

100  T.  christiei  + 

25  Mylonchulus  parabrachyurus 

207 
0 

196 
91 

100  T.  christiei  + 

100  Mylonchulus  parabrachyurus 

221 
4 

210 
203 

25  Mylonchulus  parabrachyurus 

a  lone  0 

420 

Table  16.      Effect  of  Aporcelaimellus  obscurus  on 

Established  Populations  of  Trichodorus  christiei. 


Numbers  per 

100  ml  of 

soil  after 

12  weeks: 

Inoculum 

1 

2 

3 

Average 

T.  christiei  alone 

805 

630 

735 

723 

T.  christiei  + 

833 

578 

704 

705 

100  A.  obscurus 

315 

305 

291 

304 

49 

Greenhouse  Experiment  6.      Results  of  the  experiment  conducted  to  deter- 
mine which  of  four  potting  containers  provided  the  most  ideal  environ- 
ment for  the  reproduction  of  T_j_  christiei  are  given  in  Table  17.  In 
the  greenhouse  it  was  found  that  the  glazed  crock  was  statistically 
superior  to  plastic,  to  sub-surface  irrigated  clay,  and  to  surface 
irrigated  clay  pots;  there  being  no  statistically  significant  differ- 
ence among  these  latter  three.     In  the  constant  temperature  chamber, 
however,  the  plastic  container  was  superior.      In  this  case  there  was 
no  statistically  significant  difference  between  the  glazed  crock  and 
two  types  of  clay  pots.      Similar  data  were  obtained  in  a  repetition 
of  the  constant  temperature  experiment  in  a  different  kind  of  chamber. 
Figure  5  shows  the  root  system  of  sweet  corn  in  three  of  the  containers. 
Note  the  preponderance  of  roots  lining  the  walls  of  the  clay  pot. 

These  data  suggest    that,  in  conditions  where  the  greatest  variable 
is  temperature,  glazed  crocks  are  desirable,  while  in  those  conditions 
in  which  moisture  is  the  most  important  variable,  the  plastic  pots  are 
best  suited  for  rearing  Tj_  christiei. 

Table  17.      Numbers  of  T.  christiei  in  100  ml  of  Soil  from  Four 

Different  Containers  Using  Sweet  Corn  as  a  Host  After 
a  Period  of  8  Weeks. 

Numbers  of  T^  christiei  per  100  ml  Average  dry  weight 

Container   of  soil   of  roots  per  pot 

Greenhouse         Chamber  Greenhouse  Chamber 

Plastic  Pot                    939£/  1,209^/  1.7  2.6 

Glazed  Crock  1,303  751  2.0  2. A 
Clay  Pot (surface 

irrigated)                  608  783  3.5  1.9 
Clay  Pot (sub-surface 

irrigated)                 885  796  1.7  3.5 

f/  Two  plants  per  pot. 
W  Four  plants  per  pot. 
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WW 

Fig.  5.   -  Root  growth  of  sweet  corn  after  8  weeks  in  the 
greenhouse  in  a  clay  pot,  glazed  crock,  and 
plastic  pot. 
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Duncan's  Multiple  Range  Test: 

Surface  Sub-Surface 
Greenhouse  =         Irrigated  Irrigated 

Clay  Clay  Plastic  Glazed 

608  885  939  1.303 


Glazed  Surface  .Sub-Surface  Plastic 

Growth  chamber  =  Irrigated  Irrigated 

  Clay  Clay   

751                    786  796  1,209 


Laboratory  Experiments 

Laboratory  Experiment  1.      The  results  of  a  study  on  the  life  cycle  of 
T.  christiei  following  inoculation  of  10  gravid  females  onto  tomato 
seedlings  growing  at  80°F  are  given  in  Table  18.      The  different  stages 
in  the  life  cycle  (Fig.  6)  were  first  recorded  on  the  following  days 


after  inoculation: 

1st  Larval  stage  4  days 

2nd  Larval  stage  4-5  days 

3rd  Larval  stage  7  days 

4th  Larval  stage   10  days 

Adult   14  days 

Gravid  female    17-18  days 


The  criterion  used  to  determine  the  stage  of  development  was  the 
size  of  the  gonadal  primordium.      The  reason  for  this  can  be  seen  in 
Fig.  7,  which  shows  the  size  variation  in  adult  T.  christiei  from  two 
different  habitats.      Measurements  of  10  specimens  were  made  at  molting 
in  1  per  cent  formalin.      The  average  sizes  were: 
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Table  18.  Study  of  the  Life  Cycle  of  the  Offspring  of 
Trichodorus  christiei  at  80°F  While  Feeding 
Tomato. 


10  Gravid  Female 
on  'Homestead  24' 


No.  Days  Original 
After  Adults 
Inoculation      Test  Surviving 


Life  Cycle  Stage 


Adult 


4th 


Av.  No. 
of 


3rd       2nd        1st  Offspring 


3 

1 

3.0 

0 

2 

3.0 

4 

1 

7.3 

• 

• 

1.5 

1.5 

2 

7.0 

x .  \j 

i  n 

5 

1 

3.8 

3.8 

3.3 

7.1 

2 

7.5 

J  .  yJ 

J  •  u 

6 

1 

5.0 

9.5 

1.8 

11.3 

2 

4.5 

9  5 
t. .  j 

a  n 
H  .  u 

7 

1 

6.8 

1.5 

12.3 

2.3 

16.1 

2 

7.5 

1  0 

j  •  j 

0.  J 

8 

1 

5.5 

7.8 

16.5 

4.3 

28.6 

2 

4.5 

7  O 

^  X.  J 

98 

■CO  .  J 

9 

1 

7.5 

8.8 

13.8 

1.8 

24.4 

2 

2.0 

5 

j  •  j 

7  0 

in  ^ 
xU  .  j 

10 

1 

3.3 

3.0 

15.0 

22.0 

3.0 

43.0 

2 

3  5 

99 

"  •  J 

ij .  U 

35.5 

11 

1 

8.0 

7.3 

17.5 

18.5 

4.8 

48.1 

2 

j  •  j 

in 

1U .  j 

o .  i> 

1  c  c 

15 . 5 

0.5 

35.0 

12 

1 

4.0 

17.3 

26.8 

14.5 

2.8 

61.4 

2 

3  5 

91  n 

in  n 
iu.  U 

1  c  c 

lb.  5 

2.0 

49.5 

13 

1 

4.5 

14.8 

21.8 

14.5 

3.3 

54.4 

2 

H.J 

in  c 

19.5 

5.5 

8.0 

0.5 

33.5 

14 

1 

5.5 

16.0 

15.8 

7.5 

1.0 

40.3 

2 

5.5 

44.0 

25.5 

6.0 

0.5 

76.0 

15 

1 

3.0 

2.3 

13.5 

9.5 

10.0 

2.3 

37.6 

2 

7.0 

7.5 

50.0 

22.0 

9.0 

0 

88.5 

16 

1 

3.5 

10.3 

15.8 

17.3 

7.5 

1.0 

51.9 

2 

3.0 

11.0 

12.5 

6.5 

2.0 

0 

32.0 

17 

1 

3.8 

16.5 

27.3 

22.0 

13.0 

2.5 

81.3 

2 

0.5 

5.5:7 

15.5 

11.5 

5.0 

1.5 

39.0 

18 

1 

3.0 

47. 5a/ 

28.3 

27.5 

18.8 

2.8 

125.0 

Gravid  females  recovered. 
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(b) 


(c) 


(d) 


0.7  mm 


(f) 


6  -  Stages  in  the  life  cycle  of  Trichodorus  christiei  at  (10X); 
(a)  egg,   (b)  first  larval  stage,    (c)  second  larval  stage; 
(d)  third  larval  stage,    (e)  fourth  larval  stage,  and  (f) 
adult  female. 
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Fig.  7  -  Variation  in  size  between  adults  of  Trichodorus 
christiei  collected  from  two  locations  near 
Sanford,  Florida. 


55 


Gonad 


Length 

a 

b 

c 

Length 

lst-2nd 

0.311mm 

20.7 

2.9 

124.3 

.008mm 

2nd-3rd 

0 . 4 1mm 

16.2 

3.7 

98.3 

0.03mm 

3rd-4th 

0.51mm 

16.3 

4.3 

126.6 

0.04mm 

4th-Adult 

0.70mm 

16.0 

5.6 

100.0 

0. 23mm 

Laboratory  Experiment  2.      The  molting  of        christiei  proved  differ- 
ent than  that  of  any  other  plant  parasitic  nematode.      Prior  to  molting 
the  specimens  of        christiei  became  quiescent.      The  posterior  intes- 
tinal contents  were  ejected,  while  the  remainder  became  granular  with 
the  denser  material  collecting  around  the  perimeter  of  the  intestine. 
This  collection  was  most  pronounced  ventrally.     Quiescence  was  terminated 
by  a  movement  of  the  neck  region  from  side  to  side,  with  the  inner 
cuticle  of  the  neck  region  becoming  markedly  wrinkled  on  the  side  to 
which  the  head  was  tilted.      Concurrently  the  cuticle  was,  at  times, 
stretched  over  the  head  as  seen  in  Fig.  12.      During  these  movements, 
esophageal  palpitations  were  observed  and  the  gland  nuclei  were  clearly 
defined. 

The  old  cuticle  loosened,  giving  rise  to  a  small  overlap  at  the 
head  and  tail.      This  was  followed  by  a  break  in  the  old  cuticle  circum- 
venting the  body  in  the  region  of  the  base  of  the  onchiostyle  (Fig.  8). 
By  contraction  on  the  head  a  "hood"  was  formed  on  the  dorsum  which 
usually  remained  attached  to  the  old  cuticle  at  a  single  point  (Fig.  9). 
This  formation  of  a  hood  was  somewhat  similar  to  that  recorded  by  Lapage 
(19)  for  infective  larvae_  of  Trichostrongylus .  Haemonchus  and  Ostertagia. 


Fig.  8  -  Break  in  the  old  cuticle  prior  to  molting  of 
its  "hood"  by  Trichodorus  christiei. 
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The  head  of  T_j_  christiei  was  then  withdrawn  from  the  hood. 
Note  in  Fig.  9  that  the  portion  of  the  body  which  had  emerged  from  the 
old  cuticle  was  greater  in  diameter  than  the  portion  still  contained 
within  both  cuticles.      The  old  cuticle  was  then  shed  within  a  few 
minutes  by  movements  of  the  animal. 

Detailed  examinations  of  the  head  revealed  the  amphidial  linings 
to  be  clearly  visible,  but  no  portion  of  the  onchiostyle  was  found  in 
any  of  the  four  molted  cuticles.      The  tripartite  onchiostyle  of 
Trichodorus  is  unique  among  the  plant  parasitic  nematodes  as  is  the 
molting  process. 

Laboratory  Experiment  3.      The  reproductive  rates  of  individual  speci- 
mens of  T^  christiei  are  given  in  Table  19.      A  marked  increase  (767<>) 
in  the  numbers  of  offspring  recovered  occurred  between  the  16th  and 
17th  days.      Thereafter,  until  the  19th  day,  the  increase  was  gradual. 
Between  the  19th  and  38th  days,  the  population  increased  12.2  times. 
Thus,  although  as  many  as  30  offspring  were  recovered  from  a  single 
specimen  in  one  generation,  the  average  reproductive  rate  of  this  nema- 
tode is  12  offspring  per  19  days  at  80°F  using  'Homestead  24'  tomato  as 
the  host  plant.      This  figure  was  further  substantiated  by  the  data  in 
Table  20a,  prior  to  the  influence  of  population  pressures. 

Laboratory  Experiment  4.      A  study  was  made  on  the  effect  of  varying 
initial  inoculum  numbers  on  the  reproductive  rate  of  T.  christiei. 
The  data  from  this  study,  using  6  'Homestead  24'  tomato  seedlings  per 
4-inch  plastic  pot  of  sterile  soil, are  presented  in  Table  20a.  After 
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Table  20a.      Reproductive  Rates  of  Trichodorus  christiei 
at  Different  Rates  of  Infestation  Maintained 
at  80°F. 


Inoculum 
level 

Number 

of  T.  christiei 

per  4-inch 

pot  (  400  ml) 

At  21 
Days 

Increase  per 
individual 

At  42 
Days 

Increase  per 
individua 1 

25 

274f/ 

10.9 

4,092V 

163.7 

100 

1,253 

12.5 

5,786 

57.8 

400 

1,823 

4.6 

7,030 

17.6 

aj  Average  of  6  replicates. 
]V  Average  of  12  replicates. 


Table  20b. 

Average  Weights 
Inoculated  with 

of  'Homestead  24'  Tomatoes 
Trichodorus  christiei. 

Fresh  Weight  (grams) 

Dry  Weight 

(grams) 

After  21  days 

After  42  days 

After  21  days 

After  42  days 

25  Tops 

3.2f/ 

8.lW 

0.167 

0.675 

Roots 

0.7 

1.60 

0.062 

0.213 

100  Tops 

3.5 

7.8 

0.200 

0.658 

Roots 

0.8 

1.55 

0.073 

0.224 

400  Tops 

2.7 

6.3 

0. 150 

0.450 

Roots 

0.7 

1.45 

0.055 

0.199 

£/  Average  of  6  pots;  6  plants  per  pot. 
°J  Average  of  12  pots;  6  plants  per  pot. 
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21  days  the  greatest  increases  were  found  in  those  pots  initially 
inoculated  with  100  specimens.      This  was  closely  followed  by  those  with 
25  specimens.      After  42  days  the  pots  originally  having  25  individuals 
produced  increases  of  almost  three  times  the  rate  of  those  with  100 
and  over  nine  times  the  rate  of  those  with  400,  thus  demonstrating 
the  importance  of  population  pressures  on  the  reproductive  rate  of  T. 
christiei.      Alhassan  and  Hollis  (1)  attributed  the  slower  rise  of 
higher  initial  inoculum  numbers  of  1\_  christiei  to  an  interaction  with 
the  host.      Since  there  was  an  absence  of  necrosis,  these  authors  have 
termed  this  relation  one  of  "balanced  parasitism."      Figs.   10  and  11  show 
T.  christiei  feeding  on  tomato  roots  in  agar. 

Data  relating  to  seedling  weights  are  given  in  Table  20b.  No 
statistical  difference  was  found  between  the  fresh  weights  of  the  tops 
or  the  roots  when  the  treatments  were  analyzed  after  21  days  and  42 
days,  respectively.      Alhassan  and  Hollis  (1)  obtained  similar  results 
on  cotton  seedlings  analyzed  21  days  after  inoculation  with  0,  100,  and 
400  specimens  of  T.  christiei.      Nevertheless,  their  conclusion  was 
that  "seedling  weights  were  related  inversely  to  both  initial  and  final 
populations  of  the  nematode."      The  same  conclusion  may  be  drawn  from 
the  above  experiment  on  'Homestead  24'  tomatoes  after  42  days. 

Laboratory  Experiment  5.      Results  from  the  investigation  into  the 
possibility  of  resistance  in  the  eggs  of  L.  christiei  to  D-D  fumigation 
are  given  in  Tables  21a  and  b.      Under  the  conditions  of  the  experiment; 
i.e.,  recording  the  nematode  population  2  weeks  after  fumigation,  and 
3  weeks  after  planting  a  susceptible  host,  it  was  found  that  whenever 
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Fig.  10 


-  Characteristic  position  of  Trichodorus  christiei 
while  feeding;  i.e.,  the  head  at  right  angles  to 
the  cell  upon  which  it  is  feeding. 
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Fig.  11 


-  Trichodorus  chr istiei  feeding  upon  the 
root-cap  of  tomato  in  agar. 
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the  adults  and  larvae  were  killed  no  progeny  of  Tj_  christiei  could  be 
found.      This  indicated  that  the  eggs  were  killed. 

Adults  and  larvae  were  found  to  survive  following  applications  of 
D-D  at  50  gal  per  acre  to  the  jars,  whether  applied  in  mineral  spirits 
or  in  a  water-emulsified  state.      However,  it  would  appear  that  many 
of  these  surviving  specimens  were  incapable  of  infecting  susceptible 
hosts.      This  phenomenon  appeared  more  pronounced  at  the  lower  applica- 
tion rates  of  D-D. 

The  data  in  Table  21a  indicate  that  T^  christiei  is  more  tolerant 
to  D-D  fumigation  than  is        longicaudatus  or  Hop lo la imus  galeatus. 
This  experiment  also  demonstrates  the  marked  susceptibility  of  B. 
longicaudatus  to  D-D  fumigation. 

Laboratory  Experiment  6.      The  survival  of  T.  christiei  in  the  absence 
of  a  host  was  studied  at  a  constant  temperature  of  80°F  (Table  22). 
The  rate  of  mortality  of  T_j_  christiei  was  slightly  greater  in  field  soil 
than  that  of  a  pure  population  which  previously  had  been  established  in 
sterile  soil.      This  difference,  however,  was  considered  insufficient 
to  indicate  the  presence  of  a  successful  predator. 

A  comparison  of  the  data  obtained  for  survival  at  80°F  (Table  22) 
with  those  obtained  in  the  field  (Table  8)  shows  the  rates  of  mortality 
at  80°F  to  be  slightly  greater  during  the  first  8  weeks.  Thereafter, 
the  field  population  declined  much  more  rapidly  until  at  the  16th 
week  there  was  a  difference  of  20  per  cent. 

Often  fallowing  is  associated  with  dry  tillage.      After  allow- 
ing 6- inch  clay  pots  of  soil  containing  T^  christiei  to  dry  out  in  an 
air-conditioned  laboratory  to  a  moisture  level  as  low  as  1.7  per  cent, 
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it  was  found  that  live  specimens  could  still  be  recovered.  Specimens 
of  T.  christiei  recovered  from  this  soil  characteristically  possessed 
a  thickened  cuticle  (Fig.  12).    This  cuticular  thickening  suggests  that 

Table  22.      Survival  of  Trichodorus  christiei  in  the 
Absence  of  a  Host  in  a  6-inch  Pot  at  80°F. 


 Pure  Population    Field  Soil  

Numbers  of  T\  Numbers  of  T\_ 

Weeks       christiei  per       Percentage  christiei  per  Percentage 

elapsed      100  ml  of  soil       reduction  100  ml  of  soil  reduction 


0 

205f/ 

0  7, 

69 

0  7. 

2 

196 

3 

66 

3 

4 

.157 

23 

47 

32 

8 

140 

32 

42 

40 

12 

115 

44 

16 

88 

57 

a/  Average  of  two  100  ml  samples. 

T.  christiei  can  adapt  itself  to  survive  at  low  soil  moisture  levels. 
No  living  specimens  were  found  in  soil  with  a  moisture  level  of  0.9  per 
cent. 


Laboratory  Experiment  7.      The  green  food  dye  proved  most  satisfactory 
for  staining  specimens  of  J_j_  christiei ,  but  the  degree  of  staining 
varied  with  different  individuals.     The  dye  dispersed  evenly  through- 
out the  specimens  only  after  they  were  placed  in  a  1  per  cent  formalin 
solution.      This  stain  was  particularly  successful  in  bringing  out  the 
reproductive  system  and  cuticular  structures. 


Fig.   12  -  Water  mount  of  a  live  Trichodorus  christiei  recovered 
from  soil  with  a  moisture  level  of  1.7  per  cent. 
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Among  the  cuticular  structures  not  observed  on  unstained  speci- 
mens were:     (1)    A  series  of  dorsal  and  ventral  pores  spaced  along  the 
length  of  the  body  in  the  cuticle  which  appeared  to  be  associated  with 
a  similar  series  of  hypodermal  cells;     (2)    two  caudal  pores  which 
terminated  within  the  cuticle;  and    (3)    the  posterior  cephalids, 
completely  encircling  the  cephalic  region. 

The  Build-up  of  Trichodorus  christiei  • 
The  data  presented  above  do  not  directly  answer  the  question  of 
what  causes  the  build-up  of  T\_  christiei  following  fumigation;  neverthe- 
less, certain  conclusions  may  be  drawn.      Indications  are  that  preda- 
ceous  nematodes  play  a  minor  role,  as  shown  by  the  slow  decline  in  high 
populations  of  1\_  christiei,  in  the  absence  of  a  host  in  the  field. 
No  statement  can  be  made  concerning  possible  effects  of  predaceous  fungi. 

There  does  not  appear  to  be  a  stage  in  the  life  cycle  of  T. 
christiei  resistant  to  D-D  fumigation.      Complete  eradication  of  nema- 
todes has  seldom  been  obtained  in  the  field  with  soil  fumigation.  At 
Sanford,  Florida,  the  control  of  T.  christiei  is  made  more  difficult 
due  to  its  presence  at  relatively  greater  depths  than  other  plant  para- 
sitic nematodes. 

Crops  on  fumigated  soil  have  improved  growth  over  those  on  unfumi- 
gated  soil,  particularly  during  the  seedling  stages.      This  is  due,  in 
part,  to  the  control  of  Bj_  longicaudatus  by  fumigation,  and  as  a  result 
competition  between  this  nematode  and        christiei  is  absent  in  fumigated 
soil.      Under  these  conditions,  T.  christiei  can  attain  a  higher  repro- 
ductive rate  as  shown  by  the  greenhouse  experiment  presented  above. 
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It  is  interesting  to  note  that  Tj_  christiei  reaches  its  reproduc- 
tive potential  (i.e.,  12  progeny  per  19  days  at  80°F)  at  low  levels  of 
inoculum,  but  that  population  pressures  are  soon  observed  in  4-inch 
pots.      The  reason  for  this  probably  lies  in  the  available  food 
supply  and  its  effect  upon  the  reproductive  rate.      It  is  the  considered 
opinion  of  the  author  that  the  crux  of  the  problem  of  the  build-up  of 
T.  christiei  following  fumigation  is,  in  part,  due  to  the  increased 
number  of  available  feeding  sites. 


SUMMARY 


Population  studies  were  made  on  the  plant  parasitic  nematode, 
Trichodorus  christiei,  following  field  applications  of  D-D  soil  fumi- 
gant  on  fall,  spring,  and  summer  vegetable  crops.      Results  showed  that 
T.  christiei  could  be  found  in  greater  numbers  in  fumigated  soil  than  in 
unfumigated  soil  within  7  weeks  after  planting.      Nevertheless,  due  to 
better  seedling  growth,  the  fumigated  areas  out-yielded  those  unfumi- 
gated.   This  build-up  of       christiei  was  not  seen  on  those  plots 
treated  with  the  organo  phosphate  nematicide  zinophos.      This  latter 
nematicide  was  also  found  to  have  a  significant  residual  effect  on 
subsequent  crop  yields. 

Indications  are  that  T_j_  christiei  does  not  possess  a  resistant 
stage  to  D-D  fumigation.      However,  consideration  should  be  given  to 
the  fact  that  at  harvest  there  is  a  greater  population  of  T\_  christiei 
at  soil  depths  below  6  inches  than  above  6  inches. 

The  rate  of  mortality  of  T^  christiei  in  the  absence  of  a  host, 
whether  or  not  organic  matter  was  incorporated,  did  not  suggest  the 
presence  of  a  predator.      Nor  were  populations  of  T^_  christiei  affected 
by  association  with  three  free-living  nematodes  or  an  oligochaete  in 
sterile  soil. 

Both        christiei  and  Belonolaimus  longicaudatus  were  found  to 
parasitize  pangolagrass .      The  effect  of  these  two  nematodes  upon  one 
another  was  studied  when  in  combination  on  sweet  corn.      The  numbers  of 
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T.  christiei  were  greatly  reduced.     Belonolaimus  longicaudatus  was  found 
to  be  more  pathogenic  to  sweet  corn  than  T\_  chrjstiei.     In  general  the 
corn  was  damaged  more  by  the  combination  of  the  species  than  by  longi- 
caudatus  alone,  though  there  were  fewer  numbers  of  B.  longicaudatus  in 
the  combination. 

The  type  of  potting  container  was  found  to  significantly  affect  the 
population  numbers  of  T\  christiei.     In  the  greenhouse  a  glazed  crock 
provided  the  best  environment  of  those  studied,  while  in  a  growth 
chamber  a  plastic  container  provided  the  best  conditions. 

A  study  of  the  reproduction  of  T\  christiei  under  four  constant 
temperatures,  viz.,  95°,  90°,  85°  and  80°,  showed  the  latter  to  be  the 
most  suitable.    The  effect  of  initial  inoculum  numbers  on  the  repro- 
ductive rate  of  T.'.  christiei  was  studied  in  sterile  soil  at  80°F. 
After  42  days  the  pots  originally  having  25  individuals  produced  in- 
creases of  almost  3  times  the  rate  of  those  with  100,  and  over  9  times 
the  rate  of  those  with  400,  thus  demonstrating  the  importance  of 
population  pressures  as  it  is  affected  by  the  available  food  supply. 

Single  T\  christiei  ^specimens  feeding  on  tomato  seedlings  growing 
at  80°F  were  found  to  give  rise  to  an  average  of  12  progeny  every  19  days. 
At  this  temperature  the  life  cycle  of  T^  christiei  from  egg  to  egg  was 
found  to  be  17-18  days.    Eclosion  from  the  egg  took  place  on  the  fourth 
day  in  the  first  larval  stage  which  molted  shortly  thereafter.  The 
third  larval  stage  was  first  observed  on  the  seventh  day,  after 
inoculating  a  gravid  female  onto  tomato  seedlings;  the  fourth  larval 
stage,  on  the  tenth  day  and  the  adult  emerged  after  2  weeks.    The  stage 
in  the  life  cycle  of  T^  christiei  can  best  be  judged  by  the  size  of  the 
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gonadal  primordium.    Molting  of  T.  christiei  is  described.     This  is 
the  first  record  of  a  plant  parasitic  menatode  not  shedding  its  stylet, 
or  any  part  of  it,  during  molting. 

Future  work  on  the  bionomics  of  T\_  christiei  following  fumigation 
should  be  directed  towards  the  effects  the  improved  host  growth  have  on 
the  reproduction  of  this  nematode. 
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